Central venous catheterization can be difficult and can cause serious complications. Ultrasoundguided venous access is increasingly used but reports concern only routine cases. We performed a prospective observational study in 'difficult' or 'failed' procedures to assess the usefulness of ultrasound guidance. We used the technique in 33 patients; 23 had previous failed attempts or had suffered complications from such attempts. Ultrasound provided an anatomical reason for failure in 16 patients. Ten other patients were expected to be difficult before catheterization. Ultrasound identified a suitable site for catheterization in all 33 patients. Real-time ultrasound was used to successfully catheterize 22 patients. In nine patients, a surface landmark technique was used, which failed in three patients. In these three patients, ultrasound guidance allowed successful cannulation. Ultrasound guidance is a useful technique to aid central venous access when difficulties or complications have been encountered or anticipated.
Background to ultrasound
Ultrasound imaging uses high frequency (2-10 MHz) sound waves generated by probes using the piezoelectric effect. This enables the probe to transmit and receive sound waves. Reflection of sound occurs at interfaces between tissues of different impedance and is shown in the ultrasound image as a bright echo. Fluid, such as blood in vessels, is black because near complete transmission of ultrasound occurs (Fig. 1 ). Bone and air cause marked reflection, appearing white in B-mode images. This strong reflection creates an acoustic shadow which means structures cannot be seen beyond these tissues. 8 Conveniently, most large vessels that †This article is accompanied by Editorial II are catheterized can be imaged with ultrasound probes. Arteries are easily identifiable as they pulsate and are difficult to compress with the probe. Veins are non-pulsatile, easily compressible and distend when the patient is placed head-down or performs the Valsalva manoeuvre (Fig. 1) . The effects of various patient positions on great vessels in the neck have been documented using ultrasound. 9-11 Realtime images are much easier to interpret than still images because of these dynamic findings.
Patients and methods
We recruited patients from several clinical disciplines within one teaching hospital over a period of 6 months. Patients less than 16 yr were excluded. Patients were referred Reasons for previous failure or complications were assessed. Distensibility was assessed by the patient performing the Valsalva manoeuvre or by placing the patient in a head-down position for a short time. An optimum site for subsequent catheter placement was recorded.
After examination by ultrasound, some clinicians decided to attempt central venous catheterization guided by surface landmarks at the site identified at ultrasound, in the knowledge that a vein was present and patent. In the other patients, ultrasound was used to provide a real-time twodimensional image of needle passage into the vein. Needles and guidewires used were all standard components of catheterization kits and were not modified versions for use with ultrasound.
Results
Thirty-three patients were examined, 20 males and 13 females. Mean age was 55 (range 16-82) yr. Patients were from various specialties (Table 2) . Fourteen patients had three or more criteria for anticipated difficulty. Twenty-three patients had experienced previous difficult catheterization or a complication related to central venous access (criteria (3) and (4); Table 3 ). Sixteen of these patients had an anatomical reason for difficulty or failure (unable to see the vessel with ultrasound; vessel small and non-distensible; presence of thrombus in vessel) (Figs 2,  3 ). In the remaining seven, no clear reason for failure could be determined.
An optimal site for subsequent central venous catheterization attempts was found in all 33 patients. One patient refused further attempts and in one other patient the existing catheter (with two of three lumens blocked) was changed over a guidewire rather than a new site being used.
In the 31 patients in whom central venous catheters were placed, real-time ultrasound guidance was used successfully in 22 without complications (20 at the first attempt and in two patients, each required two attempts). In the remaining nine, surface landmark techniques were used by different operators at an optimum site determined by ultrasound. In six, the vein was catheterized successfully in 1-3 attempts. In the remaining three, failure occurred despite more than three attempts but all were then cannulated successfully using ultrasound at the next attempt.
Discussion
Our observations support the use of ultrasound guidance in 'difficult' cases of central venous catheterization. We studied this group as we felt ultrasound would be of particular benefit from its value in more general populations of patients. 5 Several patients are referred to us each week for assistance with central venous catheterization because of problems during attempted cannulation or if they are at added risk of a severe complication. We studied the role of ultrasound in these patients. We considered a randomized trial of ultrasound vs conventional techniques but rejected this as many cases are referred to us after failure or complication and we considered it unethical and unfair to subject patients to further blind attempts. In addition, in many cases procedures were underway when we were called or patients were unable to give consent.
Previous equivocal studies during vascular access have used Doppler-only equipment which provides no image 12 13 or two-dimensional ultrasound to mark the vessel site on the skin before subsequent blind attempts at central venous catheterization. 3 A failure rate of 33% (three of nine patients) occurred in this series when ultrasound was used solely to locate the site rather than guide the needle. The two-dimensional image provides useful information about vein site and size as the needle tip is advanced through overlying tissue. This feature was particularly useful in the two patients who were unable to tolerate the supine position. A steep head-down position has been recommended for difficult cases 8 but in these patients this was not possible. Other authors have excluded patients from studies of ultrasound-guided access if they were unable to lie supine. 3 Neither option was possible in these cases but real-time imaging of the needle enabled optimum timing of vein puncture to be made (both patients were breathing spontaneously and the internal jugular veins collapsed on inspiration). Neither patient suffered complications. The control from ultrasound accounts for the 100% successful catheterization rate in this and other studies. 4 14 Importantly, successful catheterization at the first attempt is frequent, with low complication rates 5 ; we had no complications in our patients who underwent ultrasound guidance. Successful 'salvage' and an explanation of why previous failures and complications occurred is also possible, which supports the findings of previous studies. [14] [15] [16] [17] A reduction in operator time and use of central venous catheterization kits may also be of benefit.
The technique is easy to learn. The operators in this series were largely self-taught with some practical assistance from radiologists and radiographers. This is supported by the experience of other non-radiologists. 10 Familiarity with equipment and cross-sectional anatomy are easy to gain safely by examining volunteers and patients. Vessels can be imaged in cross-section or longitudinally during needle placement. 6 We prefer the latter method. The longitudinal view enables the operator to monitor passage of the needle at all times and gives accurate control of entry through the anterior wall of the vein (Fig. 4) .
The use of ultrasound should be seen as an extension of traditional skills rather than a completely new technique. Some authors have expressed concern that we may 'deskill' ourselves by learning to use ultrasound, 18 although we feel this is unlikely.
Should ultrasound be used to screen all patients before central venous catheterization when success rates in general populations are high? Knowing that a vein is present, patent and not overlying an artery gives an operator confidence using a surface landmark technique. It is also a superb teaching tool for applied anatomy, a feature noted by Sulek and colleagues. 9 The method should be of most benefit when used in obviously difficult cases or when a competent operator fails after a few attempts using surface landmarks. Small portable ultrasound machines are available which cost from £6000-12 000, are cheap to run, and easy for the non-radiologist to use. We suggest that clinicians performing and teaching central venous catheterization should have access to such devices. In the future several blind attempts at central venous catheterization using different sites will probably become unacceptable on both clinical and medicolegal grounds.
